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Description

The present invention relates to an olefin polymerization catalyst and to a process for olefin polymerization using

said catalyst. More particularly, the invention relates to an olefin polymerization catalyst which is capable of producing

5 an olefin polymer having excellent transparency, mechanical strength and moldability, and to an ethylene homopolymer
or ethylene/a-olefin copolymer having high moldability which is capable of giving a film having a higher transparency

and mechanical strength than films obtained from known ethylene copolymers.

Ethylene copolymers have heretofore been molded by various molding methods, and used in many fields. The

requirements for the characteristics of the ethylene copolymers differ depending on the molding methods and uses.

10 For example, when an inflation film is molded at a high speed, it is necessa^ to select an ethylene copolymer having

a high melt tension compared with its molecular weight In order to stably conduct high speed molding without fluctuation

or tearing of bubbles. An ethylene copolymer is required to have similar characteristics in order to prevent sag or tearing

in bbw molding, or to suppress width shortage to the minimum range in T-die molding.

JP-A-908 10/1 981 and JP-A-1 06806/1 985 propose a method for improving the moldability by improving the melt
IS tension and die swell ratio of ethylene polymers obtained by using Ziegler type catalysts, especially a titanium type

catalyst.

The ethylene polymers, especially low density ethylene polymers, obtained using a titanium catalyst, however,

generally have problems such as a broad composition distribution and stickiness of their molded articles such as films.

Of the ethylene polymers prepared using Ziegler type catalysts, those obtained by using chromium type catalysts

20 have relatively good melt tension but poor heat stability. This is thought to be due to the chain terminals of the ethylene

polymers tending to become unsaturated bonds.

It is known that the ethylene polymers obtained by using a metallocene catalyst from among the Ziegler type

catalysts have merits such as a narrow composition distribution and a low stickiness of their nriolded articles such as

films. However, it is described in, for example. JP-A-35007/1985, that an ethylene polymer obtained by using a zir-

2S conocene compound formed from a cyclopentadienyl derivative contains one terminal unsaturated bond per molecule,

and hence this ethylene polymer presumably has poor heat stability similarly to the above-mentioned ethylene polymer

obtained using the chromium type catalyst.

EP-A-0 128 046 discloses a catalyst for olefin polymerization comprising (a) an alumoxane and (b) at least two

different cyclopentadienyl compounds with group IV transition metal having different. reactivity. The soluble metallocene

30 may be supported on a catalyst support. In examples 2 and 3 combinations of bis (pentamethylcyclopentadienyl) zir-

conium dichloride and bis(methylcyclopentadienyt) zirconium dichloride or bis (methylcyctopentadienyl) zirconium

dimethyl are used as homogeneous catalyst components, which provide a low molecular weight ethylene/ethylene-

propylene polymer blend.

Accordingly, it will industrially be of great value to provide an olefin polymerization catalyst or olefin polymerization

3S process by which an olefin copolymer, particularly an ethylene copolymer, having good heat stability, high mechanical

strength and a narrow composition distribution can be prepared.

Ethylene copolymers generally have no polar groups in the molecule and are inherently non-polar, so that they

have insufficient adhesion strength to highly polar materials such as metals and polar resins. For these reasons, when
such ethylene copolymers are used by bonding them with the highly polar materials, it is necessary to subject the

40 surface of the ethylene copolymer to, for example, a flame treatment, a corona discharge treatment or a primer treat-

ment, hence resulting in the disadvantage of a complicated operation.

Accordingly, it will also industrially be of great value to provide an ethylene copolymer or an ethylene copolymer

composition which has a high melt tension, good heat stability and high mechanical strength and which has a sufficient

adhesion strength to highly polar materials.

4S The present invention seeks to provide an olefin polymerization catalyst which is capable of producing an olefin

polymer having excellent transparency, mechanical strength and moldability. in particular an ethylene homopolymer
or ethylene/a-olefin copolymer having good moldability which is capable of giving a film having a higher transparency

and mechanical strength than films obtained from conventionally known ethylene copolymers.

The present invention provides an olefin polymerization catalyst, comprising a carrier having supported thereon

:

so (a) an organoaluminium oxy-compound.

(b-l) at least one transition metal compound of the formula [l|

:

55 Ml\ [II

wherein M is a transition metal atom from Group IVB of the periodic table, the groups are ligands co-ordinating

2
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10

3S

45

to the transition metal atom M. at least two of the ligands are selected from a cyclopentadienyl group, a meth-

ylcyclopentadienyl group, an elhylcyclopentadlenyl group and a substituted cyclopentadienyl group having at least

one substituent group selected from a hydrocarbon group of 3 to 10 carbon atoms, and each of the other ligands

is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an aryloxy group, a trialkylsilyl group, a

halogen atom or a hydrogen atom, and X is a valence of the transition metal atom M. and

(b-ll) at least one transition metal compound of the formula [II):

wherein M is a transition metal atom from Group IVB of the perlodk; table, the groups are ligands co-ordinating

to the transition metal atom, at least two of the ligands are substituted cyclopentadienyl groups having 2 to 5

substituent groups selected from a methyl group and an ethyl group, and each of the other ligands Is a hydro-

carbon group of 1 to 12 carbon atoms, an alkoxy group, an aryloxy group, a trialkylsilyl group, a halogen atom or

a hydrogen atom, and X is a valence of the transition metal atom M.

The catalyst may further comprise

:

(c) an organoaluminium compounds supported on the carrier.

The present invention also provides a prepolymerized olefin polymerizatbn catalyst obtainable by prepolymerizing

^0 an olefin on a catalyst as defined above. The catalyst or prepolymerized catalyst may further comprise (d) unsupported

organoaluminium compound.

The present invention also provides a process for olefin polymerization, comprising polymerizing an olefin in the

presence of an olefin polymerization catalyst as defined above.

By the uise of these olefin polymerization catalysts or the processes using these catalysts, an olefin polymer having
25 excellent moldability. transparency and mechanical strength can be prepared.

The olefin may be ethylene or ethylene and an a-olefin of 3 to 20 carbon atoms, the polymer produced having the

following properties

:

(i) a density of 0.850 to 0.980 g/cm^,

30 (ii) a melt flow rate (MFR) at 190*C under a load of 2.16 kg of O.Ol to 200 g/10 min,

(iii) the melt tension (MT (g)), measured at a resin temperature of 190'C. an extrusion rate of 15 mnn/min and a

take-up rate of 10 to 20 m/min using a MT measuring apparatus having a nozzle diameter of 2.09 mm0 and a

nozzle length of 8 mm, and the melt flow rate (MFR) satisfy the relation

MT > 2.2 X MFR*°®*,

and

(iv) the flow Index (Fl (1/sec)). measured at a resin temperature of IQO'C and a shear stress of 5 x 10* to 3 x 10^

dyne/cm^ using a capillary type flow property tester, using the following nozzle diameters (capillary) depending on

the MFR (g/10 min) of the resin:

MFR > 20 0.5 mm
20 > MFR > 3 1.0 mm
3 > MFR > 0.8 2.0 mm
0.8 ^ MFR 3.0 mm.

defined by a shear rate which is given when a shear stress of molten copolymer at 1 90*C reaches 2.4 X 1 0^ dyne/

50 cm^ and the melt flow rate (MFR) satisfy the relatk)n

FI<150xMFR.

55 The polymer may have the following further properties

:

(v) a molecular weight distribution (Mw/Mn) measured by GPC of 1.5 to 4. and
(vi) MT/(Mw/Mn) and FI/MFR satisfy the relation

3
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MT/(Mw/Mn) > 0.03 X FI/MFR - 3.0

with the proviso that when the value of 0.03 x FI/MFR > 3.0 is less than 0, it is taken as 0.

5

These ethylene homopolymers and ethylene/a-olefin copolymers have excellent nrK>ldability, and filnns obtained

therefrom have a high mechanical strength and high transparency.

Fig. 1 Is an explanatory view of a process for preparing the first to fourth catalysts of the present invention, as

defined later

10 Fig. 2 is an explanatory view of a process for preparing the fifth to eigth catalysts of the present invention, as

defined later.

Fig. 3 is a diagram showing the relationship between the melt flow rate (MFR) and melt tension (MT) of an ethylene/

a-olefin copolymer of the present invention and a relationship between the MFR and MT of a conventionally known

ethylene/a-olefin copolymer.

IS The present invention will now be described in detail.

In this specification, the term •polymerization" is used to mean not only homopolymerization but also copolymer-

ization. and the term 'polymer' is used to mean not only a homopolymer but also a copolymer.

Each catalyst component used in the catalyst of the present invention is explained below.

The organoaluminium oxy-compound (a) [hereinafter sometimes referred to as "component (a)"] may be a known

20 benzene-soluble aluminoxane or the benzene^insoluble organoaluminium oxy-compound disclosed in JP-A-

276807/1990.

The above-mentioned aluminoxane may be prepared, for example, by the foltowing procedures:

(1) a procedure for recovering an aluminoxane in the forms of a hydrocarbon solution thereof whteh comprises

2S adding an organoaluminium compound such as a trialkylaluminium to a suspension in a hydrocarbon medium of

a compound containing adsorbed water, or a salt containing water of crystallization such as magnesium chloride

hydrate, copper sulfate hydrate, aluminium sulfate hydrate, nickel sulfate hydrate or cerium chloride hydrate, and

reacting the organoaluminium compound:

(2) a procedure for recovering an aluminoxane in the form of a hydrocarbon solution thereof which comprises

30 reacting water, ice or steam directly with an organoaluminium compound such as a trialkylaluminium in a solvent

such as benzene, toluene, ethyl ether or tetrahydrofuran; and

(3) a procedure for recovering an aluminoxane which comprises reacting an organotinoxide such as dimethylti-

noxide or dibutyltinoxide with an organoaluminium compound such as a trialkylaluminium in a solvent such as

decane, benzene or toluene.

35

Moreover, the aluminoxane may contain a small amount of an organometal component. Furthermore, the solvent

or unreacted organoaluminium compound may be removed from the above-mentioned recovered aluminoxane-con-

taining solution, by distillation, and the aluminoxane may be redissolved in a solvent.

Examples of the organoaluminium compound used for the preparation of the aluminoxane include:

40

trialkylaluminiums such as trimethylaluminium. triethylaluminium, tripropylaluminium. triisopropylaluminium. tri-n-

butylaluminium, triisobutylaluminium, tri-sec-butylaluminium. tri-tert iri-tert-butylaluminium. tripentylaluminium. tri-

hexylaluminium. trioctylaluminium and tridecylaluminium;

tricycloalkylaluminiums such as tricyctohexylaluminium and tricyclooctylaluminium:

45 dialkylaluminium haltdes such as dimethylaluminium chloride, diethylaluminium chbride. diethylaluminium bromkie

and diisobutylaluminium chloride;

dialkylaluminium hydrides such as diethylaluminium hydride and diisobutylaluminium hydride;

dialkylaluminium alkoxides such as dimethylaluminium methoxide and diethylaluminium ethoxide; and

dialkylaluminium aryloxides such as diethylaluminium phenoxide.

50

Of these compounds, trialkylaluminiums and tricycloalkylaluminiums are particularly preferable.

Furthermore, there may also be used as the organoaluminium compound an isoprenylaluminium of formula

55
(i-C,H3),Aly(C5H,,),

wherein x, y and z are each a positive number, and z ^ 2x.

The organoaluminium compounds mentioned above may be used either singly or in combination.

4
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Solvents used for the solutions of the aluminoxane Include aromatic hydrocarbons such as benzene, toluene,

xylene, cumene and cymene; aliphatic hydrocarbons such as pentane, hexane. heptane, octane, decane. dodecane.

hexadecane and octadecane: alicycHc hydrocarbons such as cyclopenlane. cyclohexane. cyclooctane and melhylcy-

clopentane; petroleum fractions such as gasoline, kerosene and gas oil; and halogenaled compounds derived from

5 the above-mentioned aromatic hydrocarbons, aliphatic hydrocarbons and alicyclic hydrocarbons, especially chlorinat-

ed and brominated hydrocarbons.

In addition, there may also be used ethers such as ethyl ether and tetrahydroluran. Of the solvents exemplified

above, aromatic hydrocarbons are particularly preferred.

The benzene-insoluble organoaluminium oxy-compounds used as component (a) contain an Al component which

10 is soluble in benzene at 60'C in an amount of not greater than 10%, preferably not greater than 5%. particularly pref-

erably not greater than 2%. in terms of Al atoms, and they are insoluble or sparingly soluble in benzene.

The solubility in benzene of the organoaluminium oxy-compounds mentioned above is determined by suspending

the organoaluminium oxy-compound J in an amount corresponding to 100 mg atoms in terms of Al, in 100 ml of benzene,

mixing the resulting suspension at SO'C for 6 hours with stirring, filtering the resulting mixture with a G-5 glass filter

IS equipped with a jacket kept at SO'C, washing the solid portion separated on the filter with 50 ml of benzene at 60"C

four times, and measuring the amount (x mmole) of Al atoms present in the whole filtrate.

Next, the transition metal compound catalyst components (b-l) and (b-ll) are explained.

In formula [I], M is a group IV B transition metal atom, especially zirconium, titanium or hafnium, preferably zirco-

nium.

20 Each ligand may be the same or different.

The substituted cyclopentadienyl group represented by V may have two or more substituents. Each substttuent

may be the same or different. When the substituted cycbpentadienyl has two or more substituents. at least one sub-

stituent is a hydrocarbon group of 3 to 10 carbon atoms, and the other substituents are selected from a methyl group,

an ethyl group and a hydrocarbon group of 3 to 10 carbon atoms.

25 Examples of the hydrocarbon group of 3 to 10 carbon atoms include an alkyi group, cycloalkyi group, aryl group

and aralkyi group. Examples thereof include aikyi groups such as an n-propyl group, isopropyl group, n-butyl group,

isobutyl group, sec-butyl group, t-butyl group, pentyl group, hexyl group, octyl group. 2-ethylhexyl group and decyl

group; cycloalkyi groups such as a cyclopentyl group and cyclohexyl group: aryl groups such as a phenyl group and

tolyl group; and aralkyi groups such as a benzyl group and neophyl group. Of these, preferred are alkyI groups, and

30 particularly preferred are an n-propyl group and n-butyl group.

In the present Invention, the (substituted) cyclopentadienyl group co-ordinated to the transition metal is preferably

the substituted cyclopentadienyl group, more preferably a cyclopentadienyl group substituted withan alkyI group having

3 or more carbon atoms, even more preferably a substituted cyclopentadienyl group having two substituents. and

particularly a 1,3-substituted cyclopentadienyl group.

35 Examples of the hydrocarbon group of 1 to 12 carbon atoms represented by U include an alkyl group, cycloalkyi

group, aryl group and aralkyi group. Examples thereof include alkyl groups such as a methyl group, ethyl group, n-

propyl group, isopropyl group, n-butyl group, isobutyl group, sec-butyl group, t-butyl group, pentyl group, hexyl group,

octyl group, 2-ethylhexyl group and decyl group; cycloalkyi groups such as a cyclopentyl group and cyclohexyl group;

aryl groups such as a phenyl group and tolyl group; and aralkyi groups such as a benzyl group and neophyl group.

40 Examples of the alkoxy group include a methoxy group, ethoxy group, n-propoxy group, isopropoxy group, n-

butoxy group, isobutoxy group, sec-butoxy group, t-butoxy group, penloxy group, hexoxy group and octoxy group.

Examples of the aryloxy group include a phenoxy group.

Examples of the trialkytsilyl group include a trimethylsilyl group, triethylsilyl group and triphenylsilyl group.

Examples of the halogen atom include fluorine, chlorine, bromine and iodine.

45 Listed below are examples of the transition metal compound of formula [1].

Bis(cyclopentadlenyl)zirconium dichloride,

Bis{methyteyclopentadienyl)zirconium dichloride.

Bis(ethylcyclopentadienyl)zirconium dichloride,

50 Bis(n-propylcyclopentadienyl)zirconium dichloride,

Bis(n-butylcyclopentadienyl)zirconium dichloride,

Bis(n-hexylcyclopentadienyl)zirconium dichloride.

Bis(methyl-n-propytcyclopentadienyl)zirconium dichloride.

Bis(methyl-n-butylcyctopentadienyl)zirconium dichloride.

55 Bi5(dimethyl-n-butylcycbpentadienyl)zirconium dichloride,

Bis(n-butylcycbpentadienyl)zirconium dibromlde,

Bis(n-butylcyclopentadienyt)zirconium methoxychloride,

Bis(n-butylcyclopentadienyl)zirconium ethoxychloride,

5
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Bis(n-butytcyclopentadi6nyl)zirconium butoxychtoride.

6is{n-butylcyck>pentadienyl)ztrconium diethoxide,

Bis(n-butylcyclopentadienyl)zirconium methytchloride

Bis(n'butylcyclopentadienyl)zirconium dimethyl,

Bis(n-butylcyclopentadienyl)zirconium benzytchloride,

Bis(n-butylcyclopentadienyl)zirconium dibenzyl,

Bis(n-butylcyclopentadienyl)zirconium phenylchloride. and

Bis(n-butylcyclopentadienyl)zirconium hydride chloride.

In the above exemplified connpounds, di-substituted cyclopentadienyl include 1 ,2- and 1 ,3-substituted, and trisub-

stituted include 1 ,2,3- and 1 ,2.4'Substituted. Also employable in the invention are transition metal compounds obtained

by substituting titanium metal or hafnium metal for the zirconium metal in the above-exemplified zirconium compounds.

Of the above-exemplified transition metal compounds of formula (I], particularly preferred are bis(n-propylcyctopen-

tadienyl)zirconium dichloride, bis {n-butylcyclopentadienyl)zirconium dichloride, bis(1-methyl-3-n-propylcyclopentadi-

enyl)zirconium dichloride and bis(1-methyl-3-n-butylcyclopentadienyl)zirconium dichloride.

In formula (II]. M is a group tV B transition metal, especially zirconium, titanium or hafnium. Of these, particularly

preferred is zirconium.

Each ligand may be the same or different. The substituted cyclopentadienyl groups having 2 to 5 substituents

represented by preferably have 2 or 3 substituents, more preferably two substituents. and is particularly a 1 ,3-sub-

stituted cyclopentadienyl group. Each substituent may be the same or different.

In formula [D], the ligand other than the substituted cyclopentadienyl group is a hydrocarbon group of 1 to 12

carbon atoms, an alkoxy group, an arytoxy group, a trialkylsilyl group, a halogen atom or a hydrogen atom, similar to

the ligand U in formula [I].

The transition metal compounds of formula [il] include, for example,

Bis(dimethylcyclopentadienyl)zirconium dichloride,

Bis(diethylcyclopentadienyl)zirconium dichloride,

Bis(methylethylcyclopentadienyl)zirconium dichloride,

Bis(dimethylethylcyclopentatienyl)zirconium dichloride.

Bis(dimethylcyclopentadienyl)zlrconium dibromide,

Bis(dlmethylcyclopentadienyl)zirconium methoxychloride,

Bis(dimethylcyclopentadienyl)zirconium ethoxychbride,

Bis(dimethylcyclopentadienyl)zirconium butoxychloride,

Bis(dimethylcyclopentadienyl)zirconium diethoxide,

Bis(dimethylcyclopentadieny I )zircon ium methy Ich loride,

Bis(dimethylcyclopentadienyl)zirconium dimethyl,

Bis(dimethylcyclopentadienyl)zirconium benzylchloride,

Bis(dimethylcyclopentadienyl)zirconium dibenzyl,

Bis(dimethylcyclopentadienyl)zirconium phenylchloride.

and Bis(dimethylcyclopentadienyl)zirconium hydride chloride.

In the above exemplified compounds, di-substituted cyclopentadienyl include 1 ,2- and 1 ,3-sub5tituted. and trisub-

stituted include 1 .2.3- and 1 ,2.4-subst(tuted.

There may also be used transition metal compounds obtained by substituting titanium or hafnium for zirconium in

the above-exemplified zirconium compounds.

Of the above-mentioned transition metal compounds of formula (II], particularly preferred is

Bis(1 ,3-dimelhylcyclopentadienyl)zirconium dichloride,

Bis(1.3-diethylcyciopentadienyl)zirconium dichloride, or

Bis(1 -methyl-3-ethylcyclopentadienyl)zirconium dichloride.

In the invention, it is preferred to use a combination of bis(1 ,3-n-butylmethylcyclopentadienyl)zirconium dichloride

and bis(l.3-dimethylcyctopentadienyt)zirconium dichloride, a combination of bis(1.3-n-propylmethylcyclopentadienyl)

zirconium dichloride and bis(1,3-dimethylcyclopentadienyl)zirconlum dichloride, and a combination of bis(n-butylcy-

clopentadienyt)zirconium dichloride and bis(1,3-dimethylcyclopentadienyl)zirconium dichloride. as component (b).

The transition metal compounds (b-l) and (b-ll) are desirably used in amounts such that the molar ratio [(b-l):(b-

II)] is 99:1 to 50:50, preferably 97:3 to 70:30, more preferably 95:5 to 75:25. most preferably 90:10 to 80:20.

The transition metal compound catalyst component containing at least one transition metal compound (b-l) of

6
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formula (I) and at least one transition metal compound (b-M) ot formula (II) is sometimes referred to as "component (b)'.

Examples of the organoaluminium compound (c) (hereinafter sometimes referred to as 'component (c)"J include
an organoaluminium compound of formula [III].

F>\aIX3^ [III)

wherein Is a hydrocarbon group of 1 to 12 carbon atoms, X is a halogen atom or a hydrogen atom, and n is 1 to 3.

In formula (III). is for example, an alkyi group, a cycloalkyi group or an aryl group. Examples of R"" include

methyl, ethyl, n-propyl, isopropyl, isobutyl, pentyl, hexyl. octyl, cyclopentyl. cyclohexyl, phenyl and tolyl.

Examples of organoaluminium compounds (c) include

trialkylaluminiums such as trimethylaluminium, triethylaluminium. triisopropytaluminium, triisobutylaluminium. Iri-

octylaluminium and tri-2-ethylhexylaluminium:

aikenylaluminiums such as isoprenylaluminium;

dialkylaluminium halides such as dimethylaluminium chloride, diethylaluminlum chloride, diisopropylaluminium

chloride, diisobutylaluminium chloride and dimethylaluminium bromide;

alkylaluminium sesquihalides such as methylaluminium sesquichloride, ethylaluminium sesquichtoride. isopropy-

(aluminium sesqurchk>ride, butylaluminium sesqubhioride and ethylaluminium sesquibromide:

alkylaluminium dihalides such as methylaluminium dichloride, ethylaluminium dichloride. isopropylaluminium
dichloride and ethylaluminium dibromide; and
alkylaluminium hydrides such as diethylaluminium hydride and diisobutylaluminium hydride.

Furthermore, there may also be used organoaluminium compounds of fomiula (IVJ:

R\aIY3.„ (,v)

wherein Ri is as defined above Y is -OR^, -OSiR^g, -OAlR^a. -^^^2. -SiR^ -N(R7)AIRe2. n is 1 to 2. R2 R3. and
R8 are each methyl, ethyl, isopropyl, Isobutyl, cyclohexyl or phenyl. RS is hydrogen, methyl, ethyl, isopropyl. phenyl or
trimethylsilyl, and R^ and R7 are each methyl or ethyl.

The organoaluminium compounds mentioned above include the compounds enumerated below:

(1) Compounds of formula R^^AI (OR2)3.^ such as dimethylaluminium methoxide. diethylaluminium ethoxide and
diisobutylaluminium methoxide.

(2) Compounds of formula R^„AI(OSiR33)3.„ such as Et2AI(OSiMe3), (iso-Bu)2AI(OSiMe3) and (iso-Bu)2AI(OSiEt3).

(3) Compounds of formula RinAI(OAIR^2)3-n such as EtgAIOAIEtg and (iso-Bu)2AIOAI(iso-Bu)2.

(4) Compounds of fomiuia R^nAI(NR52)3.„ such as Me2AINEt2. EtgAINHMe. f^egAINHEt. EtaAINtSiMea)^, (iso-

Bu)2AIN(SiMe3)2.

(5) Compounds of formula RVAI(SiR63)3.„ such as (iso-Bu)2AISiMe3.

(6) Compounds of formula

I

such as

Et2AlNAlEt2 and (iso-Bu) jAlNAX (iso-Bu) 2 .

I
I

Me Et

Of the organoaluminium compounds exemplified above, preferred are those having the fomiulae:
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10

3A!. „AI {Or\^ and „AI (0AIR%)3^.

and particularly preferred are those having the above-mentioned formulae in which R is isoalkyi and n is 2.

The unsupported organoaluminium compound (hereinafter sometimes referred to as "component (d)*) used in the
present invention is the same as component (c).

The carrier used in the present invention is a solid inorganic or organic compound in the form of granules or fine
particles having a particle size of 1 0 to 300 urn, preferably 20 to 200 pm. Of these carriers, porous oxides are preferable
as inorganic carriers. Examples of the oxide carriers include SiOg. AtgOg, MgO, ZrOg. TiOj. B2O3, CaO. ZnO. BaO,
ThOg. or a mixture of these compounds such as SiOg-MgO, SiOa-AlgOa. SIOa-TiOg. SiOj-VgOg, Si02-Cr203 and SiOg-
Ti02-MgO. Of these carriers, preferred are those comprising at least one of SiOg and AI2O3 as a major component.

Furthermore, the above-mentioned inorganic oxide or oxides may also contain a small amount of a carbonate, a
sulfate, a nitrate and an oxide such as NaaCOa. K2CO3. CaCOa. MgCOg, NagSO., AL(S04)3, BaSO-. KNO,. MgfNO,),.
AI(N03)3. NaaC KgO and LiOg.

^ 4 3 »^ 3/z

IS Though the carriers have different properties depending on the type and preparation methods thereof, the carriers
preferably used In the Invention have a specific surface area of 50 to 1 000 m2/g. more preferably 1 00 to 700 m2/g, and
desirably a pore volume of 0.3 to 2.5 cm^/g. The carriers are prepared if necessary by firing at a temperature of 100
to lOOCC. preferably 150to700»C.

It is also desirable that the carrier has an amount of adsorbed water of less than 1 .0% by weight, preferably less
than 0.5% by weight, and surface hydroxyl groups in an amount of 1 ,0% by weight or more, preferably 1 .5 to 4.0% by
weight and especially 2.0 to 3.5% by weight.

The amounts of adsorbed water (% by weight) and surface hydroxyl groups (% by weight) are obtained by the
following procedures:

25 (Amount of adsorbed water)

The specimen Is dried at a temperature of 200'C. an ordinary pressure and In a nitrogen stream for 4 hours to
measure the weight loss, which is taken as the amount of adsorbed water.

30 (Surface hydroxyl groups)

The weight measured after drying the carrier at a temperature of 200*0. an ordinary pressure and in a nitrogen
stream for 4 hours Is taken as X (g). The dried carrier Is then calcined at a temperature of i.OOO'C for 20 hours to
obtain a calcined product from which the surface hydroxyl groups have disappeared. The weight of the calcination
product is taken as Y (g). The amount of the surface hydroxyl groups Is calculated using the folbwing equation:

20

35

40

45

55

Surface hydroxyl groups (wt %) = [(X-Y)/X) x 100

f^oreover. the carrier can be an organic compound in the form of solid granules or fine solid particles each having
a particle size of 10 to 300 ^m. Examples of these organic compounds include (co)polymers containing as the main
component units derived from an a-olefin of 2 to 14 carbon atoms, such as ethylene, propylene. 1 -butene and 4-methyl-
1 -pentene, or polymers or copolymers containing as the main component units derived from vinylcyclohexane or sty-
rene.

A first catalyst of the invention Is a solid catalyst (component) in which component (a) (organoaluminium oxy-
compound) and component (b) (at least two transition metal compounds) are supported on a carrier

A second catalyst of the invention is formed from a solid catalyst component (C-1 ) in which components (a) and
(b) are supported on a carrier, and component (d) (an organoaluminium compound).

A third catalyst of the invention is a solid catalyst (component) in which components (a), (b) and (c) (an organoa-
so luminium compound) are supported on a carrier

A fourth catalyst of the invention is formed from a solid catalyst component (C-2) In which components (a), (b) and
(c) are supported on a carrier, and component (d).

The first catalyst (solid catalyst component (C-l)) of the Invention can be prepared by contacting components (a)
and (b) with the carrier.

The third catalyst (solid catalyst component (C-2)) of the invention can be prepared by contacting components (a)
(b) and (c) with the carrier.

In the preparation of the first catalyst, the contact between the carrier, component (a) and component (b) may be
conducted in an arbitrarily selected order, but It is preferred to contact the carrier with component (a), followed by

8
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contacting component (b).

In the preparation of the third catalyst, the contact between the carrier and components (a) to (c) may be conducted
in an arbitrarily selected order, but it is preferred to contact the carrier with component (a) and then with component
(b). followed by contacting component (c)

.

Further, it is preferred that at least two transition metal compounds are beforehand mixed to form component (b)
and then component (b) is contacted with the other components.

The contact of the carrier with components (a) to (c) can be carried out in an inert hydrocartxjn solvent. Examples
of the Inert hydrocarbon solvent are aliphatic hydrocarbons, such as propane, butane, pentane. hexane. heptane,
octane, decane, dodecane and keosine: alicycllc hydrocarbons, such as cyclopentane, cyclohexane and methylcy-
clopentane; aromatic hydrocarbons, such as benzene, toluene and xylene; halogenated hydrocarbons, such as eth-
ylene chloride, chbrobenzene and dichloromethane; and mixtures thereof.

In the contact of the carrier with components (a) and (b) or in the contact of the carrier with components (a) to (c),

component (b) is usually used in an amount of 5 x lO-^ to 5 x 10-^ mol. preferably 10-^ to 2 x ICH mol, per 1 g of the
carrier, and the concentratbn of component (b) is ICT* to 2 x 10*2 mol/l (solvent), preferably 2 x 10^ to 10-2 mol/l
(solvent). The atomic ratio (AI:transition metal) of the aluminium atoms (Al) in component (a) to the transition metal in

component (b) is usually 10:1 to 500:1. preferably 20:1 to 200:1. The atomic ratio (AI-c/AI-a) of the aluminium atoms
(Al-c) in component (c) to the aluminium atoms (Al-a) in component (a) is usually 0.02:1 to 3:1. preferably 0.05:1 to
1 .5: 1

.
The temperature for contacting the carrier with components (a) and (b) or contacting the carrier with components

(a) to (c) is usually -50 to 150*»C, preferably -20 to 120»C, and the period of time thereof is 1 minute to 50 hours,
preferably 10 minutes to 25 hours.

In the first catalyst, the transition metal atoms derived from component (b) are desirably supported In an amount
of 5 X 10-« to 5 X 10^ g.atom, preferably lO'S to 2 X lO-^ g-atom. per 1 g of carrier, and the aluminium atoms derived
from component (a) are desirably supported in an amount of ^0'^ to 5 x 10-2 g.atom. preferably 2 x lO-^ to 2 x 10-2

g-atom, per 1 g of the carrier.

The second catalyst is fomied from the above-mentioned solid catalyst component (C-1 ) and the organoalumlnium
compound (d). Component (d) is desirably employed In an amount such that the atomic ratio (AI:M) of the aluminium
atoms derived from component (d) to the transition metal atoms (f^) derived from the transition metal compound in the
solid catalyst component (C-1) Is 5:1 to 300:1. preferably 10:1 to 200:1. more preferably 15:1 to 150:1.

In the third catalyst, the transition metal atoms derived from the component (b) are desirably supported in an
amount of 5 x 10*6 to 5 X lO"* g-atom. preferably lO'S to 2 X 10^ g-atom. per 1 g of the carrier, and the aluminium
atoms derived from components (a) and (c) are desirably supported in an amount of 1

0-3 to 5 x 1 0*2 g-atom. preferably
2 X 10-3 to 2 X 10-2 g-atom. per 1 g of the carrier.

The fouth catalyst is formed from the above-mentioned solid catalyst component (C-2) and the organoaluminium
compound (d). Component (d) is desirably employed in an amout such that the atomic ratio (AI:M) of the aluminium
atoms derived from component (d) to the transition metal atoms (M) derived from the transition metal compound in the
solid catalyst component (C-2) is 5:1 to 300:1. preferably 10:1 to 200:1. more preferably 15:1 to 150:1.

A fifth catalyst of the invention is a prepolymerized catalyst (component) obtained by prepolymerizing an olefin on
the solid catalyst component (C-1 ) in which components (a) and (b) are supported on the carrier.

A sixth catalyst of the invention is formed from a prepolymerized catalyst component (C-3) obtained by prepolym-
erizing an olefin on the solid catalyst component (C-1). and component (d) (organoaluminium compound).

A seventh catalyst of the Invention is a prepolymerized catalyst (component) obtained by prepolymerizing an olefin
on the solid catalyst component (C-2) in which components (a), (b) and (c) (organoaluminium compound) are supported
on the carrier.

An eigth catalyst of the inventton is formed from a prepolymerized catalyst component (C-4) obtained by prepo-
lymerizing an olefin on the solid catalyst component (C-2), and component (d) (organoaluminium compound).

The fifth catalyst (prepolymerized catalyst component (c-3)) can be prepared by Introducing an olefin into an inert

hydrocarbon solvent in the presence of the carrier, component (a) and component (b) to perfomi a prepolymerization.
The carrier, component (a) and component (b) preferably form the above-mentioned solid catalyst component (C-1).
In this case, component (a) or component (c) may be further added in addition to the solid catalyst component (C-1).

The seventh catalyst (prepolymerized catalyst component (C-4)) can be prepared by Introducing an olefin into an
inert hydrocarbon solvent in the presence of the carrier and components (a) to (c) to preform a prepolymerization. The
carrier and components (a) to (c) preferably form the above-mentioned solid catalyst component (C-2). In this case,
component (a) or component (c) may be further added in addition to the solid catalyst component (C-2).

Examples of the olefins used for the prepolymerization include ethylene, and a-olefins having 3 to 20 carbon atoms
such as propylene. 1-butene. 1-pentene. 4-methyl-1 -pentene. 1-hexene. 1-octene. 1-decene. 1-dodecene and 1-tet-

radecene. Of these, particularly preferred is ethylene or a combination of ethylene and the same a-olefin as used for

the polymerization.

Examples of the inert hydrocarbon solvent used herein are the same as those used for preparing the aforemen-
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tioned solid catalyst component.

In the prepolymerization. component (b) is usually used in an amount of lO-^ to 2 x lO'^ mol/l (solvent), preferably

5X10*^ to 10-2 mol/l (solvent), in terms of transition metal atoms in component (b) . Further, component (b) is usually

used in an amount of 5 x 10*6 to 5 x 10^ mol. preferably 10*5 to 2 x 10-^ mol. in terms of transition metal atoms in

5 component (b), per 1 g of the carrier. The atomic ratio (Al:transition metal) of the aluminium atoms (Al) in component
(a) to the transition metal in component (b) is usually 10:1 to 500:1. preferably 20:1 to 200:1. The atomic ratio (Al-c:

Al-a) of the aluminium atoms (Al-c) in component (c) to the aluminium atom (Al-a) In component (a) is usually 0.02:1

to 3:1, preferably 0.05:1 to 1.5:1.

The temperature for the prepolymerization is -20 to 60 preferably 0 to 60 "C, and the period of time therefor

10 is 0.5 to 1 00 hours, preferably 1 to 60 hours.

The prepolymerization may be carried out either batchwise or continuously, and may be carried out under reduced
pressure, atmospheric pressure or application of pressure. In the prepolymerization. hydrogen is desirably present to

obtain a prepolymer having an intrinsic viscosity h), as measured in decalin at 135 'C, of 0.2 to 7 dl/g. preferably 0.5

to 5 dl/g.

IS The catalyst for olefin polymerization according to the invention can be prepared, for example, in the following

manner. First, the carrier is suspended in an inert hydrocarbon to give a suspension. To the suspension is added the

organoaluminium oxy-compound (component (a)) to perform a reaction for a predetermined time. Then, the supernatant

liquid is removed, and the resultant solid component is again suspended in an inert hydrocartx)n. Subsequentlv. to the

system are added the transition metal compounds (component (b)) to perform a reaction for a predetermined time.

20 The supernatant liquid is removed again to obtain a solid catalyst component. The solid catalyst component thus

obtained is added to an inert hydrocarbon containing the organoaluminium compound (component (c)). followed by
introducing an olefin, to obtain a prepolymerized catalyst (component).

In the fifth catalyst it is desired that a prepolymer is prepared in an amount of 0.1 to 500 g, preferably 0.2 to 300
g. more preferably 0.5 to 200 g, per 1 g of the carrier: the component (b) is supported in an amount of 5 x 10"^ to 5 X

25 ^o^^ g.atom, preferably 10*5 to 2X10*^ g-atom. in terms of the transition metal atoms in component (b). per 1 g of the

carrier; and the aluminium atoms (Al) derived from component (a) are supported in an amount such that the molar ratio

(Al:f^) of the aluminium atoms (At) derived from component (a) to the transition metal atoms (M) derived from component
(b) is 5:1 to 200:1, preferably 10:1 to 150:1.

The sixth catalyst is formed from the above-mentioned prepolymerized catalyst component (C-3) and the orga-

30 noaluminium compound (d). Component (d) is desirably employed in an amount such that the molar ratio (AI:M) of the

aluminium atoms (Al) derived from component (d) to the transition metal atoms (M) derived from component (b) in the

prepolymerized catalyst component (C-3) is 5:1 to 300:1. preferably 10:1 to 200:1. more preferably 15:1 to 150:1.

In the seventh catalyst it is desired that a prepolymer is prepared in an amount of 0.1 to 500 g, preferably 0.2 to

300 g. more preferably 0.5 to 200 g. per 1 g of the carrier; component (b) is supported in an amount of 5 x lO-^ to 5
35 X 10-* g-atom, preferably lO-s to 2 x 10-* g-atom. in terms of transition metal atoms in component (b). per 1 g of the

carrier; and the aluminium atoms (Al) derived from components (a) and (c) are supported in an amount such that the

molar ratio (AI:M) of the aluminium atoms (Al) derived from components (a) and (c) to the transition metal atoms (M)

derived from component (b) is 5:1 to 200:1, preferably 10:1 to 150:1.

The eigth catalyst is formed from the above-mentioned prepolymerized catalyst component (C-4) and the orga-

40 noaluminium compound (d). Component (d) is desirably employed in an amount such that the molar ratio (AI:IV1) of the

aluminium atoms (Al) derived from component (d) to the transition metal atoms (M) derived from component (b) in the

prepolymerized catalyst component (C-4) is 5:1 to 300:1, preferably 10:1 to 200:1, more preferably 15:1 to 150:1.

In the present invention, homopolymerization or copolymerization of an olefin is carried out in the presence of any
of the first to eigth catalysts in either a gas phase or a liquid phase such as a slurry In the slurry polymerization, an

^ inert hydrocarbon may be used as a solvent, or the olefin Itself may be used as a solvent.

Examples of the inert hydrocarbon solvent used in the slurry polymerization include aliphatic hydrocarbons, such
as propane, butane, isobutane, pentane, hexane. octane, decane, dodecane. hexadecane and octadecane: alicyclic

hydrocarbons, such as cyclopentane, methylcyclopentane, cyclohexane and cyclooctane; aromatic hydrocarbons,

such as benzene, toluene and xylene; and petroleum fractions, such as gasoline, kerosine and gas oil. Of these,

50 preferred are aliphatic hydrocarbons, alicyclic hydrocarbons and petroleum fractions.

In the slurry polymerization or the gas phase polymerization, the above-mentioned catalyst is usually used in an
amount such that the concentration of the transition metal atoms in the polymerization reaction system is 10^ to ^0'^

g atom/l. preferably 10'^ to lO** g atom/l. In the polymerization, an unsupported organoaluminium oxy-compound may
be used in addition to the organoaluminium oxy-compound supported on the carrier. In this case, the atomic ratio (Al:

ss M) of the aluminuim atoms (Al) derived from the unsupported aluminium oxy-compound to the transition metal atoms
{M) derived from the Ifansition metal compounds (b-l) and (b-ll) is 5: 1 to 300: 1 , preferably 1 0: 1 to 200: 1 . more preferably

15:1 to 150:1.

In the invention, the temperature for the slurry polymerization is usually -50 to 100'C. preferably 0 to 90 '^C. while

10
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the temperature for the gas phase polymerization is usually 0 to 120 *'C. preferably 20 to 100 "C.

The polymerization pressure is usually atmospheric pressure to 100 kg/cm^, preferably 2 to 50 kg/cm^. The po-

lymerization may be carried out batchwise. semi-continuously or continuously.

Further, the polymerization may be conducted in two or more stages having different reaction conditions.

5 The catalyst of the invention may contain components useful for the olefin polymerization other than the above-

mentioned components.

Examples of olefins polymerizable in the presence of the catalyst of the invention include:

ethylene, and a-olefins of 3 to 20 carbon atoms such as propylene. 1 -butene, 1 -pentene, 1 -hexene. 4-methyt-

10 1-pentene, 1-octene. 1-decene. l-dodecene. 1 -tetiadecene, 1 -hexadecene, 1-octadecene and 1-eicosene; and

cyctooieftns of 3 to 20 carbon atoms, such as cyclopentene, cycloheptene, norbomene. 5-methyl-2-norbomene,

tetracyclododecene, 2-methyl-1 .4,5,8>dimethano-1 .2,3,4,4a.5,8,Ba-octahydronaphthalene.

Also employable are styrene, vinylcyclohexane and dienes.

IS The catalyst and process of the invention are especially suitably used for the copolymerization of ethylene with an

a-olefin of 3 to 20 carbon atoms.

An ethylene homopolymer or ethylene/a-olefin copolymer which can be produced by the process of the present

invention will now be described in detail.

The ethylene/a-olefin copolymers can be prepared by copolymerizing ethylene with an a-olefin of 3 to 20 carbon

20 atoms in the presence of the catalyst of the present invention in such a manner that the resultant copolymer has a

density of 0.650 to 0.9B0 g/cm^.

When the copolymerization of ethylene with an a-otefin of 3 to 20 carbon atoms is carried out in the presence of

the aforementioned catalyst formed from the organoaluminium oxy-compound (a), at least two transition metal com-

pounds (b), the carrier, and if necessary the organoafuminlum compound (c). the ethylene/a-olefin copolymer can be
2S prepared with high poiymerizability.

The ethylene/a-oletin copolymers are random copolymers of ethylene with an a-olefin of 3 to 20 carbon atoms.

Examples of the a-olefin of 3 to 20 carbon atoms include propylene, 1 -butene, 1-pentene. 1-hexene, 4-methyl-1 -pen-

tene. 1-octene, 1-decene, 1-dodecene. 1-tetradecene, 1 -hexadecene, 1-octadecene and 1-eicosene.

It is desired that the units derived from ethylene in the homopolymer or copolymer are present in an amount of 50

30 to 100 % by weight, preferably 55 to 99 % by weight, more preferably 65 to 98 % by weight, most preferably 70 to 96

% by weight, and the units derived from an a-olefin of 3 to 20 carbon atoms are present in an amount of 0 to 50 % by

weight, preferably 1 to 45 % by weight, more preferably 2 to 35 % by weight, most preferably 4 to 30 % by weight.

The composition of the ethylene/a-olefin copolymer is generally determined by ^^C-NMR spectrum analysis of a

sample prepared by homogeneously dissolving about 200 mg of the copolymer in 1 ml of hexachlorobutadiene in a

35 sample tube having a diameter of 10 mm under the conditions of a measuring temperature of 120 "C, a measuring

frequency of 25.05 MHz. a spectrum width of 1,500 Hz. a pulse repetition period of 4.2 s and a pulse width of 6^s.

The ethylene homopolymer or ethylene/a-olefin copolymer (first polymer) has the following properties (i) to (iv).

and preferably has the following properties (i) to (ix). The ethylene homopolymer or ethylene/a-olefin copolymer (second

polymer) of has the following properties (i) to (vi), and preferably has the following properties (i) to (ix):

40 (I) The density (d) is 0.850 to 0.980 g/cm^. preferably 0.880 to 0.960 g/cm^, more preferably 0.890 to 0.935 g/cm^,

most preferably 0.905 to 0.930 g/cm^.

The density (d) is determined by a density gradient tube using a strand, which has been obtained at the time of

measurement of a melt flow rate (MFR) at 190 °C under a load of 2.16 kg and which is treated by heating at 120 °C

for 1 hour and slowly cooling to room temperature over 1 hour

4S (ii) The melt ftow rate (MFR) is 0.01 to 200 g/10 min. preferably 0.05 to 50 g/10 min. more preferably 0.1 to 10 g/

10 min.

The melt flow rate (MFR) is determined in accordance with ASTM D1 238-65T under the conditions of a temperature

of 190"C and a toad of 2.16 kg.

(lii) The melt tension (MT (g)) and the melt flow rate (MFR) satisfy the relation:

so

MT > 2.2 X MFR'°
®*'

preferably 8.0 x MFR-o-s^ > MT > 2.3 x MFR-o
ss more preferably 7.5 X MFR-o^ > MT > 2.5 x MFR-o e^,

An ethylene homopolymer or ethylene/a-olefin copolymer having such properties has good moldability because

of the high melt tension (MT).

The melt tension (MT (g)) is determined by measuring the stress given when a molten copolymer is stretched at

11
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a constant rate. That is, a powdery potynner is melted in a conventional manner, and the molten polymer is pelletized

to give a measuring sample. Then, the MT of the sample is measured under the conditions of a resin temperature of

1 90 *C, an extrusion rate of 1 5 mm/min and a take-up rate of 1 0 to 20 m/min using a MT measuring apparatus (produced

by Toyo Seiki Seisakusho K.K.) having a nozzle diameter of 2.09 mmq> and a nozzle length of 8 mm. During the pel-

5 letization. to the ethylene homcpolymer or ethylene/a-olefin copolymer are added 0.05 % by weight of tri(2.4-di-t-

butylphenyl)phosphate as a secondary antioxidant. O.l % by weight of n-octadecyl-3-(4'-hydroxy-3',5*-di-l-butylphenyl)

propionate as a heat stabilizer and 0.05 % by weight of calcium stearate as a hydrochloric acid absorbent.

(iv) The flow index (Fl (I/sec)) defined by a shear rate which is given when a shear stress of a molten copolymer

at 190 *C reaches 2.4 x 10^ dyne/cm^ and the melt flow rate (MFR) satisfy the relation:

10

FU150X MFR,

preferably Fl < 140 x MFR.
IS more preferably Fl < 130 x MFR.

The flow index (Fl) is determined by extruding a resin from a capillary while changing the shear rate and measuring

the shear rate given when the shear stress reaches the above-mentioned value. In this measurement, the same sample

as described in the above-mentioned MT measurement is used, and the Fl is measured under the conditions of a resin

temperature of 190 and a shear stress of 5 X 10^ to 3 X 10^ dyne/cm^ using a capillary type flow property tester

20 produced by Toyo Seiki Seisakusho K.K.

In the measurement, the diameter of the nozzle (capillary) used depends on the MFR (g/1 0 min) of the resin to be

measured, and is as foltows:

in the case of MFR > 20 0.5 mm
2S

in the case of 20 > MFR > 3 1.0 mm
in the case of 3 ^ MFR > 0.8 2.0 mm, and

in the case of 0.8 > MFR 3.0 mm

(V) The molecular weight distribution (Mw/Mn, Mw: weight-average molecular weight, Mn: number-average mo-

lecular weight) measured by GPC Is 1.5 to 4.

The molecular weight distribution (Mw/Mn) is measured in the following manner using a GPC-150C measuring

device produced by Millipore Co.

The measurement is carried out using a column of TSK-GNH-HT having a diameter of 72 mm and a length of 600

mm at a column temperature of 140 "C. In this measurement, 500 microliters of a sample having a concentration of

0.1 % by weight is introduced into the column in which o-dichlorobenzene (available from Wako Junyaku Kogyo K.K.)

as a mobile phase is moved at a rate of 1.0 ml/min. In the mobile phase, 0.025 % by weight of BHT (available from

Takeda Chemical Industries. Ltd.) is contained as an antioxidant. A differential refractometer is used as a detector.

Standard polystyrenes of Mw < 1 .000 and Mw > 4 x 10^ from Toso Co. and standard polystyrenes of 1 ,000 < Mw < 4

X 10^ from Pressure Chemical Co. are used.

(vi) MT/(Mw/Mn) and FI/MFR satisfy the relation:

MT/(Mw/Mn) > 0.03 X FI/MFR - 3.0

45
with the proviso that when the value of 0.03 x FI/MFR - 3.0 is less than 0, it is taken as 0.

preferably

0.03 X FI/MFR + 1.0 > MT/(Mw/Mn) > 0.03 X FI/MFR - 2.8

SO

with the proviso that when the value of 0.03 x FI/MFR - 2.8 is less than 0, it is taken as 0.

more preferably

^ 0.03 X FI/MFR + 0.8 > MT/(Mw/Mn) > 0.03 X FI/MFR - 2.5

with the proviso that when the value of 0.03 x FI/MFR - 2.5 is less than 0. it is taken as 0.

12
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10

25

30

With an increase of the value of Mw/Mn. the value of MT becomes large, so that an index of MT/(Mw/Mn) is used

to reduce the influence of the Mw/Mn value on the value of MT. Likewise, with an increase of the value of MFR, the

value of Fl becomes large, so that an index of FI/MFR is used in order to reduce the influence of the MFR value on

the value of Fl.

(vii) The temperature (Tm f'C)) at which the endothermic curve of the homopolymer or copolymer measured by a

differential scanning calorimeter (DSC) shows the maximum peak and the density (d) satisfy the relation:

Tm < 400 X d - 250,

preferably Tm < 450 X d - 297.

more preferably Tm < 500 X d - 344,

particularly preferably Tm < 550 X d - 391.

The temperature (Tm (*C)) at which the endothermic curve of an ethylene homopolymer or ethylene/a-olefin co-

is polymer measured by a differential scanning calorimeter (DSC) shows the maximum peak is determined from an en-

dothermic curve obtained by filling about 5 mg of a sample in an aluminium pan, heating to 200 *C at a rate of 10 'C/

min. holding the sample at 200 **C for 5 minutes, lowering the temperature to room temperature at a rate of 20 '^C/min

and then heating at a rate of 10 ''C/mln. This measurement is carried out using a DSC-7 type apparatus produced by

Parkin Elmer Co.

20 (viii) The quantity fraction (W (% by weight)} of a n-decane-soluble component at 23 <*C and the density (d) satisfy

the relation:

in the case of MFR ^ 10 g/10 min:

W < 80 X exp(-100(d-0.88)) -i- 0.1.

preferably W < 60 x exp(-100(d-0.88)) + 0.1,

more preferably W < 40 X exp(-1 00(d-0.88)) + 0. 1 , and in the case of MFR > 1 0 g/1 0 min:

W < 80 X (MFR-9)®"^® X exp(-100(d-0.88)) + 0.1.

The measurement of the n-decane-soluble component quantity of an ethylene homopolymer or ethylene/a-olefin

35 copolymer (a polymer having a smaller soluble component quantity has a narrower composition distribution) is carried

out by adding about 3 g of the polymer to 450 ml of n-decane, dissolving the polymer at 145 "C. cooling the resultant

solution to 23 ^C, removing the n-decane-insoluble portion by filtratbn, and recovering the n-decane-soluble portion

from the filtrate.

It may be concluded that the ethylene homopolymer or ethylene/a-olefin copolymer which satisfies the above-

40 mentioned relation between the temperature (Tm) at which the endothermic curve measured by a differential scanning

calorimeter (DSC) shows the maximum peak and the density (d), and the relation between the quantity fraction (W) of

the n<Jecane-soluble component and the density (d), has a narrow composition distribution.

(ix) The number of unsaturated bonds In the molecule is not more than 0.5 per 1,000 carbon atoms and is less

than 1 per 1 molecule of the polymer.

45 The determination of the unsaturated bonds is made by ^^C-NMR spectrum analysis. In detail, an area intensity

of signals given by a carbon atom forming a bond other than a double bond, namely, an area intensity of signals in the

range of 10 to 50 ppm, and an area intensity of signals given by a carbon atom forming a double bond, namely, an

area intensity of signals in the range of 1 05 to 1 50 ppm, are determined from the integral curve. From the ratio there-

between the number of the unsaturated bonds is determined.

so The first and second ethylene homopolymer or ethylene/a-olefin copolymers may contain various additives if de-

sired, for example, a weathering stabilizer, heat stabilizer, antistatic agent, anti-slip agent, antiblocking agent, anti-

fogging agent, lubricant, pigment, dye. nucleating agent, plasticizer, anti-aging agent, hydrochloric acid absorbent or

antioxidant, provided that the object of the invention is not marred.

The first and second ethylene homopolymers and copolymers may be processed by a conventional molding meth-

55 od, for example, an air-cooling inflation molding, two-stage air-cooling inflation molding, high-speed inflation molding.

T-die film nrralding and water-cooling inflation molding, to obtain films. The films thus obtained have excellent transpar-

ency and mechanical strength, and retain the properties inherent in general LLDPE, such as heat-sealing properties,

hot-tack properties, heat resistance and blocking resistance. Funher, the films are free from surface stickiness because

13
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the ethylene/a*oleftn copolymers have a prominently narrow composition distribution. Moreover, because of their high

melt tension, the ethylene homopotymers and ethyfene/a-otefin copolymers have good bubble stability tn the inflation

molding stage.

The films obtained from the first and second polymers are suitable for various packaging bags such as standard

s bags, sugar bags, packaging bags for oily goods and packaging bags for moist goods, and agricultural nrtaterials. The

films may also be used as multi-layer films by laminating them on various substrates such as a nylon substrate and a

polyester substrate.

The polymers obtained by the process of the present invention may be formed into a film or a molded article.

By the use of the catalyst or process of the present invention, an olefin polymer having a high melt tension and
10 good moldability can be prepared. From such an olefin polymer, a film of high transparency and high mechank:al

strength can be produced.

The ethylene homopolymer or ethylene/a-olefin copolymer produced by the process of the present invention has

a high melt tension and good moldability. From such an ethylene honrtopolymer or ethylene/a-olefin copolymer, a film

of high transparency and high mechanical strength can be produced.

IS The present invention is further described betow in the Examples.

The physical properties of films were evaluated in the following manner:

Haze

20 The haze was measured in accordance with ASTM-D-1 003-61

.

Gloss

The gloss was measured In accordance with JIS Z8741

.

2S

Film impact

The film impact was measured by a pendulum type film impact tester produced by Toyo Seiki Seisakusho K.K.

30 Adhesion strength

A pressed sheet of a modified copolymer having a thickness of 100 ^m was used as a sample. The sample was
heat sealed with two kinds of adherends and the peel strength was measured to evaluate the adhesion strength. One
adherend was an aluminium foil having a thickness of 0.5 mm, and the other adherend was a 6-nylon sheet having a

3S thickness of 1.0 mm. The heat sealing of the pressed sheet with the adherend was conducted using a heat sealer

under the conditions of a temperature of 200 'C. a load of 1 kg/cm^ and a period of 60 s. After the heat sealing, the

pressed sheet with the adherend was cut to give a specimen having a width of 25 mm and a length of 150 mm. The

adhesion strength of the specimen was measured by peeling the adherend layer in the direction of 180° against the

modified polymer layer at a peel rate of 200 mnn/min.

40

Example 1

5.0 kg of silica, having been dried at 250 ''C for 10 hours, was suspended in 80 liters of toluene, and the resultant

suspension was cooled to 0 "C. Thereafter, to the suspension was dropwise added 28.7 liters of a toluene solution of

45 methylaluminoxane (Al: 1.33 mol/l) over a period of 1 hour. During the additbn. the temperature of the system was
kept at 0 'C. The reaction was successively carried out at 0 **C for 30 minutes. Then, the temperature of the system

was elevated to 95 *C over a perkxJ of 1.5 hours, and at the same temperature the reaction was conducted for 20
hours. After that, the temperature of the system was lowered to 60 ^'C, and the supernatant liquid was removed by

decantation.

so The solid portion obtained above was washed twice with toluene and then again suspended in 80 liters of toluene.

To the reaction system were dropwise added 7.4 liters of a toluene solution of bis(1 ,3-n-butylmethylcyclopentadienyl)

zirconium dichloride (Zr: 34.0 mmol/1) and 1.0 liter of a toluene solution of bis(1,3dimethylcyclopentadienyl)2irconium

dichloride (Zr: 28.1 mrDol/l) at 80 '^C over a period of 30 minutes to further carry out the reaction at 80 for 2 hours.

Then, the supernatant liquid was renrioved. and the residue was washed twice with hexane to obtain a solid catalyst

ss containing zirconium in an anrK)unt of 3.6 mg per 1 g of the soiti catalyst.

14
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[Polymerization]

A 2-liter stainless autoclave thoroughly purged with nitrogen was charged with 150 g of sodium chloride (special
grade, available from Wako Junyaku K.K.), followed by drying at 90 "C for 1 hour under reduced pressure. Then, into

the autoclave was introduced a mixed gas consisting of ethylene, 1-butene and hydrogen (1 -butene content; 2.6 % by
mol, hydrogen content: 0.012 % by mol) to recover the pressure in the system to atmospheric pressure, and the tem-
perature of the system was set to 70 '*C.

Subsequently, to the autoclave were added 0.007 mg atom (in terms of zirconium atoms) of the solid catalyst

prepared above and 0.7 mmol of trirsobutylalumlnium.

Thereafter, a mixed gas having the same composition as described above was introduced into the autoclave to
initiate polymerization at a total pressure of 8 kg/cm2-G. The temperature In the system immediately rose to 60 "C.

Then, only the mixed gas was supplied to keep the total pressure at 8 kg/cm2-G. and polymerization was further

conducted at 80 **C for 1 .5 hours.

After the polymerization was completed, the reaction product was washed with water to renrwve sodium chloride.
Then, the remaining polymer was washed with methanol and dried at 80 'C overnight under reduced pressure. As a
result, an ethylene/1 -butene copolymer having an MFH, as measured at 190 'C under a bad of 2.16 kg, of 1.9 g/10
min, a density of 0.921 g/cm3 and a decane-soluble portion at 23 'C of 0,21 % by weight was obtained in an amount
of 276 g.

The ethylene/1 -butene copolymer was subjected to inflation by the use of a single-screw extruder (20mm<j). 1/0=26)
equipped with a die of 25 mm^ (lip width : 0.7 mm) and a single-slit air ring under the conditions of an air flow rate of

90 17min, an extrusion rate of 9 g/min. a blow ratio of 1 .8:1 , a take-up rate of 2.4 m/min and a processing temperature
of 200*C, to form a film having a thickness of 30 nm.

The melt properties and other properties of the copolymer and physical properties of the film formed from the
copolymer are set forth in Table 1

.

As is evident from Table 1. an inflation film having excellent moldability (MT), optical characteristics and strength
was obtained from the copolymer.

Example 2

[Preparation of a solid catalyst)

The procedure for preparing the solid catalyst in Example 1 was repeated except for varying the amounts of the
zirconium compounds to those given betow, to prepare a solid catalyst.

Bis(1,3-n-bulylmethylcyclopentadienyl)zirconium dichloride: 0.22 mol

Bis(1,3-dimethylcyclopentadienyl)2irconium dichloride: 0.056 mol

In 1 g of the solid catalyst, zirconium was contained in an amount of 3.5 mg.

[Polymerization]

The procedure for the polymerization in Example 1 was repeated except for varying the composition of the mixed
gas consisting of ethylene. 1 -butene and hydrogen to that given below.

1 -Butene content
j

2.4 % by mol

Hydrogen content
|
0.011% by mol

As a result, an ethylene/1 -butene copolymer having an MFR of 1.7 g/10 min, a density of 0.924 g/cm^ and a
decane-soluble portion at 23 •C of 0.1 7 % by weight was obtained in an amount of 270 g.

The ethylene/1 -butene copolymer was subjected to inflation in the same manner as described in Example 1 to
form a film having a thickness of 30 ^m.

The melt properties and other properties of the copolymer and physical properties of the film formed from the
copolymer are set forth in Table 1.

As is evident from Table 1. an inflation film having excellent moldability (MT), optical characteristics and strength
was obtained from the above copolymer.

15
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Example 3

[Preparation of a solid catalyst]

The procedure for preparing the solid catalyst in Example 1 was repeated except lor varying the amounts o1 the
zirconium compounds to those given below, to prepare a solid catalyst.

Bis(1,3-n-butylmethylcyctopentadienyl)2irconium dichloride: 0.20 mol
Bls(1.3-dimethylcyclopentadienyl)zirconium dichloride: 0.084 mol

tn 1 g of the solid catalyst, zirconium was contained in an amount of 3.4 mg.

[Polymerization]

The procedure for the polymerization in Example 1 was repeated except for varying the composition of the mixed
gas consisting of ethylene, 1 -butene and hydrogen to that given below.

1-Butene content 2.5% by mol

Hydrogen content 0.011 % by mol

As a result, an ethylene/1 -butene copolymer having an MFR of 1.2 g/10 min. a density of 0.923 g/cm^ and a
decane-soluble portion at 23 'C of 0.19 % by weight was obtained in an amount of 265 g.

The ethylene/1 -butene copolymer was subjected to inflation in the same manner as described in Example 1 to
form a film having a thickness of 30 ^m.

The melt properties and other properties of the copolymer and physical properties of the film formed from the
copolymer are set forth in Table 1

.

As is evident from Table 1, an inflation film having excellent mokJability (MT), optical characteristics and strength
was obtained from the above copolymer.

16



EP 0 598 628 B1

Table 1

Comonomer Cata-
lyst*!

MFR m] Mw/Mn Densi-
ty

Kind Amount
mol.%

I/II
by moi

g/10-
min

dl/g g/cm^

Ex.1
butene

2.8 9/1 1.9 1.81 2.1 0.921

Ex.2 1-

butene
2.5 8/2 1.7 1.86 2.4 0.924

Ex. 3 1-
butene

-

2.8 7/3 1.2 1.95 2.8 0.923

*1 Zirconium compound in the catalyst component

I : bis (1, 3-n-butylmethylcyclopentadienyl) zirconium

dichloride

II : bis (1, 3-dimethylcyclopentadienyl) zirconium

dichloride

Table 1-continued

n-Decane
Soluble
Portion
wt .%

Tm MT
g

*2 FI *3 MT

(Mw/Mn)

*4

Ex.1 0.21 109.8 2.2 1.3 115 285 1.05 0

Ex.2 0.17 111.3 3.3 1.4 143 255 1.38 0

Ex.3 0.19 111.2 4.6 1.9 111 180 1 . 64 0

*2: value of 2.2XMrR-o.B4

*3: value of 150xmfr

4: value of 0 . 03XFI/MFR-3 . 0 (in the case of less than 0,

the value is taken as 0)

17



EP0 598 628 B1

Table 1 -continued

5

Physical Properties of Film

10

Haze
%

Gloss
%

Impact
Strength
kg • cm/cm

Moldabil-
ity
*5

Ex.1 3.9 106 1,910 BB

IS

Ex.2 4.4 83 1,760 AA

Ex.3 6.6 52 1.910 AA

*5 Moldability

AA: MT > 3 g

BB: 3 g > MT S 2 g

2s
CC: 2 g > MT

Example 4

(Preparation of a prepolymerized catalyst]

30

To 85 liters of hexane containing 1 .7 mol of triisobutyialumtnium were added 0.85 kg of the solid catalyst obtained

in Example 1 and 255 g of 1 -hexene. The resultant mixture was subjected to prepolymerization with ethylene at 35 'C
for 12 hours to obtain a prepolymerized catalyst in which polyethylene was prepolymerized in an amount of 10 g per

1 g of the solid catalyst. This ethylene polymer had an intrinsic viscosity |ti) of 1 .74 dl/g.

35

[Polymerization]

A 2-liter stainless autoclave thoroughly purged with nitrogen was charged with 150 g of sodium chloride (special

grade, available from Wako Junyaku K.K.), followed by drying at 90 ''C for 1 hour under a reduced pressure. Then,
40 into the autoclave was introduced a mixed gas consisting of ethylene. 1-butene and hydrogen (1 -butene content: 3.0

% by mol. hydrogen content: 0.01 2 % by mol) to recover the pressure in the system to atmospheric pressure, and the

temperature of the system was set to 70 "C.

Subsequently, to the autoclave were added 0.007 mg atom (In terms of zirconium atoms) of the prepolymerized

catalyst prepared above and 07 mmo\ of triisobutylaluminium.

45 Thereafter, the above-mentioned mixed gas consisting of ethylene. 1-butene and hydrogen was introduced into

the autoclave to initiate polymerization at a total pressure of 8 kg/cm2-G. The temperature in the system immediately

rose to 80 'C.

Then, only the mixed gas was supplied to keep the total pressure at 8 kg/cm^-G, and polymerization was further

conducted at 80 ^'C for 1 .5 hours.

so After the polymerization was completed, the reaction product was washed with water to remove sodium chbrlde.

Then, the remaining polymer was washed with methanol and dried at 80 *C overnight under reduced pressure. As a
result, an ethylene/1 -butene copolymer having MFR. as measured at 190 '•C under a load of 2.16 kg. of 2.0 g/10 min,

a density of 0. 922 g/cm^ and a decane-soluble portion at 23 ''C of 0.20% by weight was obtained in an amount of 290 g.

The melt properties and other properties of the copolymer are set forth in Table 2.

ss The ethylene/1 -butene copolymer was subjected to inflation in the same manner as described in Example 1 to

form a film having a thickness of 30 \im.

The physical properties of the film formed from the copolymer are set forth in Table 2.

As is evident from Table 2. an inflation film having excellent moldability, optical characteristics and strength was

18
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obtained from the above copolymer.

Example 5

s Preparation of an ethylene/a-olefin copolymer

[Preparation of a catalyst component]

The procedure for preparing the solid catalyst in Example 1 was repeated except for varying the amounts of the

10 transition metal compounds to those given betow. to prepare a solid catalyst component.

A toluene solution of bis(1,3^-buty!methylcyclopentadienyl)zirconium dichloride (Zr: 34.0 mnriol/l): 6.6 liters

A toluene solution of bis{1,3-dimethylcyctopentadienyl)zirconium dichloride (Zr: 28.1 mmol/l) : 2.0 liters

IS [Preparation of a prepotymerized catalyst]

The procedure for preparing the prepotymerized catatyst in Example 4 was repeated except for using the solid

catalyst component prepared above, to obtain a prepotymerized catatyst.

20 [Polymerization]

The procedure for the polymerization in Example 4 was repeated except for using the prepotymerized catatyst

prepared above and varying the comonomer content to that set forth In Table 2, to obtain an ethylene/1 -butene copol-

ymer different in f^FR and density from the copolymer of Example 4.

25 The melt properties and other properties of the copolymer are set forth in Table 2.

The ethylene/1 -butene copolymer was subjected to inflation in the same manner as described in Example 1 to

form a film having a thiclmess of 30 )im.

The physical properties of the film formed from the copolymer are set forth in Table 2.

As is evident from Table 2, an inflation film having excellent moldabiltty, optical characteristics and strength was
30 obtained from the above copolymer.

Example 6

Preparation of an ethylene/a-olefin copolymer

35

[Preparation of a catalyst component]

The procedure for preparing the solid catalyst In Example 1 was repeated except for varying the amounts of the

transitbn metal compounds to those given below, to prepare a solid catalyst component.

40

A toluene solution of bis(1,3-n-butylmethylcyctopentadienyl)zirconium dichloride (Zr: 34.0 mmol/l) : 5.6 liters

A toluene solution of bis(1,3-dimethylcyclopentadienyl)zirconium dichloride (Zr: 28.1 mmol/l): 2.9 liters

[Preparation of a prepotymerized catalyst]

45

The procedure for preparing the prepotymerized catalyst In Example 4 was repeated except for using the solid

catalyst component prepared above, to obtain a prepotymerized catalyst.

[Polymerization]

so

The procedure for the polymerization in Example 4 was repeated except for using the prepotymerized catalyst

prepared above and varying the comonomer content to that set forth in Table 2, to obtain an ethytene/1 -butene copol-

ymer different in f^FR and density from the copolymer of Example 4.

The melt properties and other properties of the copolymer are set forth in Table 2.

ss The ethytene/1 -butene copolymer was subjected to inflation in the same manner as described in Example 1 to

form a film having a thiclcness of 30 ^m.

The physical properties of the film formed from the copolymer are set forth In Table 2.

As is evident from Table 2, an inflation film having excellent motdabltity, optical characteristics and strength was
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obtained from the atx>ve copolymer.

Example 7

5 The procedure of Example 5 was repeated except tor using 1-hexene as a comonomer in place of 1-butene. to

obtain an ethylene/1 -hexene copolymer.

The mett properties and other properties of the copolymer are set forth in Table 2.

The ethylene/1 -hexene copolymer was subjected to inflation in the same manner as described in Example 1 to

form a fllm having a thickness of 30 ^m.

to The physical properties of the film formed from the copolymer are set forth in Table 2.

As is evident from Table 2. an inflation film having excellent moldability, optical characteristics and strength was

obtained from the above copolymer.

Comparative Example 1

75

The procedure of Example 4 was repeated except for using bis(1,3-n-butylmethylcyclopentadlenyl)zirconium

dichloride singly as the transilion metal compound catalyst component and varying the comonomer content to that set

forth In Table 2, to prepare an ethylene/1 -butene copolymer.

The melt properties and other properties of the copolymer are set forth in Table 2.

20 The ethylene/1 -butene copolymer was subjected to inflation in the same nianner as described in Example 1 to

form a film having a thickness of 30 ^m.

The physical properties of the film formed from the copolymer are set forth in Table 2.

Comparative Example 2

25

The procedure of Example 4 was repeated except for using bis(1,3-dimethylcyclopentadienyl)zirconium dichloride

singly as the transition metal compound catalyst component and varying the comonomer content to that set forth in

Table 2, to prepare an ethylene/1 -butene copolymer.

The mett properties and other properties of the copolymer are set forth in Table 2.

30 The ethylene/1 -butene copolymer was subjected to Inflatbn in the same manner as described in Example 1 to

form a film having a thickness of 30 ^m.

The physical properties of the film formed from the copolymer are set forth In Table 2.

Comparative Example 3

3S

The procedure of Example 4 was repeated except for using bis(1 ,3-dimethylcyclopentadlenyl)zirconium dichloride

singly as the transition metal compound catalyst component and varying the comonomer content to that set forth in

Table 2. to prepare an ethylene/1 -butene copolymer.

The melt properties and other properties of the copolymer are set forth in Table 2.

<o The ethylene/1 -butene copolymer was subjected to inflation in the same manner as described in Example 1 to

form a film having a thickness of 30 |im.

The physical properties of the film formed from the copolymer are set forth In Table 2.

Comoarative Example 4

45

The procedure of Comparative Example 3 was repeated except for using 1-hexene as a comonomer in place of

1 -butene. to obtain an ethylene/1 -hexene copolymer. The melt properties and other properties of the copolymer are

set forth in Table 2.

The ethylene/1 -hexene copolymer was subjected to Inflation in the same manner as described in Example 1 to

50 form a film having a thickness of 30 ^m.

The physical properties of the film formed from the copolymer are set forth in Table 2.

As is evident from comparison between the copolymer obtained in Example 4 and the copolymer obtained In

Comparative Example 1 . the copolymer of Example 4 is superior to the copolymer of Comparative Example 1 in mo\6'

ability (MT), although the MFR of the copolymer of Example 4 is higher than that of the copolymer of Comparative

S5 Example 1

.

Further, when the copolymer obtained in Example 5 and the copolymer obtained In Comparative Example 2. both

having the same MFR. are compared with each other, the copolymer of Example 5 is superior to the copolymer of

Comparative Example 2 in moldability (MT). Likewise, when the copolymer obtained in Example 6 and the copolymer
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obtained in Comparative Example 3. both having almost the same MFR, are compared with each other, the copolymer

oi Example 6 is superior to the copolymer of Comparative Example 3 in moldability (MT)

.

Fig. 3 shows the relationship between the MFR and MT of the ethylene/a-olefin copolymer of the present Invention

and the relationship between MFR and MT of a conventional ethylene/a-olefin copolymer.

When the haze of the film formed from the copolymer obtained in Example 5 is compared with that of the films

formed from the copolymers obtained in Comparative Examples 1 . 2 and 3. all the copolymers having almost the same

MFR and density, the film of Example 5 is superior to the other films in the transparency

Further, when the haze of the film formed from the copolymer obtained in Example 7 is compared with that of the

film obtained in Comparative Example 4, both copolymers having almost the same MFR. the film of Example 7 is

superior to the film of Comparative Example 4 in transparency, although the copolymer of Example 7 has a density

which is a little higher than that of the copolymer of Comparative Example 4.

The catalysts used in Examples 4 to 7 contained both the transition metal compound catalyst component contained

in the catalyst component used in Comparative Example 1 and the transition metal compound catalyst component

contained in the catalyst component used in Comparative Examples 2 to 4. The ethylene/a-olefin copolymer prepared

by using both of the transition metal compound catalyst components had an improved moldability (MT) and transpar-

ency of an inflation film formed therefrom than the copolymers prepared using each transition metal compound catalyst

component singly.
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Table 2

1
Comonomer Cata-

lyst*!
MFR m 1 Mw/Mn Dens i—

ty

1
ixxna Amount,

mol . %

I/II
by mol

q/10-
min

dl/g y / Cul

Ex. 4 1-

butene
3.0 9/1 2.0 1.79 2.1 0.922

Ex. 5 1-
butene

2.5 8/2 1,6 1.88 2.4 0,925

Ex. 6 1- 2.8 7/3 1.2 1.95 2.8 0.922

Ex. 7 1-

hexene
2.9 8/2 2.1 1.64 2.6 0.923

Comp

.

Ex. 1

1-

butene
2.4 10/0 1.1 2.07 2.0 0.925

Comp

.

Ex. 2

1-

butene
2.5 0/10 1.6 1.49 2.8 0.925

Comp.
Ex. 3

1-

butene
2.4 0/10 1.1 1.58 2.7 0.926

Comp.
Ex. 4

1-

hexene
3.0 0/10 2.0 1.44 2.9 0.920

*1 Transition metal compound catalyst component

I
:

bis (1, 3-n-butylmethylcyclopentadienyl) zirconium

dichloride

II: bis (1, 3-dimethylcyclopentadienyl) zirconium

dichloride
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Table 2 -continued

n~uecane
Soluble

1 wt .%

rm
^C

MT

g *2
FI

*3
MT

*4
IMw/Mn)

Ex. 4
1

0.20 111.0 2.1 1.2 123 300 1.00 0

Ex. 5 111.4 X • D Z 4 U 1 . 4 P 0

Ex.6 111.1 4.5 1.9 94 180 1.61 0

Ex^7 114.5 2.1 1.2 212 315 0.81 0.03

Comp

.

Ex. 1

111.4 1.4 2.0 62 165 0.70 0

Comp,
Ex. 2

111.4 2.3 1.5 300 240 0.82 2.63

Comp

.

Ex. 3
0.57 111.5 3.5 2.0 190 165 1.30 2 . 18

Comp.
Ex. 4

0.47 112.2 1.8 1.2 290 300 0.62 1.35

*2: value of 2.2xMFR-o ®^

*3: value of ISOxMFR

*4: value of 0 . 03XFI/MFR-3 . 0 (in the case of less than 0,

the value is taken as 0)
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Table 2 -continued

Physical Properties of Film
Haze

%

Gloss
%

Impact
Strength
kq- cm/cm

Moldabil-
ity
*5

Ex. 4 4.2 105 1,850 BB

Ex. 5 4.6 82 1,720 AA

Ex. 6 6.5 55 1,940 AA

Ex. 7 5.6 88 2,270 BB

Comp . Ex.1 12.4 37 1,840 CC

Comp. Ex.2 7.0 66 1,620 BB

Comp. Ex.3 7.2 63 1,720 AA

Comp. Ex.4 9.5 49 3.540 CC

*5 Moldability

AA: MT ^ 3 g

BB: 3g>MT>2g
CC: 2 g > MT

Example 8

[Polymerization]

In a fluidized bed gas phase polymerizer of the continuous type, ethylene was copolymerized with 1-hexene at a
total pressure of 20 kg/cm^-G and a polymerization temperature of 80 'C. To the polymerizer were continuously fed
the prepolymerized catalyst prepared in Example 4 at a feed rate of 0.18 mmol/hr in terms of zirconium atons and
triisobutylaluminlum at a feed rate of 1 0 mmol/hr while continuously feeding ethylene. 1 -hexene. hydrogen and nitrogen
to maintain a constant gas composition (gas composition: 1-hexene/ethylene = 0.030. hydrogen/ethylene = 5.5x10^.
ethylene concentration = 25 %) during the polymerization.

Thus, an ethylene/1 -hexene copolymer (A-1 ) was obtained in an amount of 6.0 kg/hr. The copolymer had an MFR
of 2.1 g/10 min and a density of 0.923 g/cm^. The physical properties of the ethylene/1 -hexene copolymer (A-1) are
set forth in Table 3.
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Table 3

Copoly-

1

mer
Comono-

mer
Comono-

mer
Content
mol.%

MFR
g/lOmin

dl/g

Mw/Mn Densi-
ty

g/cm^

Decane-
Soluble
Portion
wt . %

-
1

-
1 hexene

2.9 2.1 1.64 2.6 0.923 0.26

IS

Table 3 -continued

Copoly- Tm MT FI MT
mer g *i *2 *3

(Mw/Mn)

A-1 114.5 2.1 1.2 212 315 0.81 0.03

*1: value of 2.2xMFR-°-8^

*2: value of ISQxMFR
30

*3: value of 0 . 03XFI/MFR-3 . 0 (in the case of less than 0,

the value is taken as 0)

35

Claims

1. An olefin potymerization catalyst, comprising a carrier having supported thereon:

40 (a) an organoaluminium oxy-compound,

(b-l) at least one transition metal compound of the formula [I]

:

45 ML\ (1)

wherein M is a transition metal atom from Group IVB of the periodic table, the groups U are ligands co-

ordinating to the transition metal atom M, at least two of the ligands L"" are selected from a cyclopentadienyl

group, a methylcyclopentadienyl group, an ethylcyclopentadienyl group and a substituted cyclopentadienyl

5^ group having at least one substituent group selected from a hydrocarbon group of 3 to 10 carbon atoms, and

each of the other ligands is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an aryioxy

group, a trialkylsilyl group, a halogen atom or a hydrogen atom, and X is a valence of the transition metal atom

M; and

(b-ll) at least one transition metal compound of the formula [tl]

:

55

f^L^^ [II]
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wherein M is a transition metal atom from Group IVB of the periodic table, the groups are ligands cx>-

ordlnating to the transition metal atom, at least two of the ligands are substituted cyclopentadienyl groups

having 2 to 5 substituent groups selected from a methyl group and an ethyl group, and each of the other ligands

is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an aryloxy group, a trialkytsilyl group, a

halogen atom or a hydrogen atom, and X is a valence of the transition metal atom M.

A catalyst according to claim 1 further comprising:

(c) an organoalumtnium compound supported on the carrier.

A catalyst according to claim 1 or 2 which further comprises (d) unsupported organoatuminium compound.

A prepotymerized olefin polymerization catalyst obtainable by prepolymerizing an olefin on a catalyst as defined

In claim 1 or 2.

A catalyst according to claim 4 which further comprises (d) unsupported organoatuminium compound.

A process for olefin polymerization, comprising polymerizing an olefin in the presence of an olefin polymerization

catalyst as defined in any one of the claims 1 to 5.

A process according to claim 6 wherein the olefin is ethylene or ethylene and an a-olefin of 3 to 20 carbon atoms,

the polymer produced having the following properties:

(i) a density of 0.850 to 0.980 g/cm^.

(ii) a melt flow rate (I^FR) at 190'C under a load of 2.16 kg of 0.01 to 200 g/10 min.

(iii) the melt tension (MT (g)), measured at a resin temperature of 1 QO'C, an extrusion rate of 15 mm/min and

a take up rate of 10 to 20 m/min using a MT measuring apparatus having a nozzle diameter of 2.09 mm0 and

a nozzle length of 8 mm, and the melt flow rate (MFR) satisfy the relation

MT>2.2xMFR"°".

and

(iv) the flow index (Fl (1/sec)), measured at a resin temperature of 190*^0 and a shear stress of 5 x 10^ to 3 x

10^ dyne/cm^ using a capillary type flow property tester, using the following nozzle diameters (capillaiy) de-

pending on the MFR (g/10 min) of the resin:

MFR > 20 0.5 mm
20 > MFR > 3 1.0 mm
3 > MFR > 0.8 2.0 mm
0.8 > MFR 3.0 mm,

defined by a shear rate which is given when a shear stress of molten copolymer at 190'C reaches 2.4 x 10^

dyne/cm2 and the melt flow rate (MFR) satisfy the relation

Fl < 150 X MFR.

A process according to claim 7 wherein the polymer has the following further properties:

(V) a molecular weight distribution (Mw/Mn) measured by GPC of 1.5 to 4, and

(vi) MT/(Mw/Mn) and FI/MFR satisfy the relatksn

MT/(Mw/Mn) > 0.03 X FI/MFR - 3.0

with the proviso that when the value of 0.03 X FI/MFR - 3.0 is less than 0, it is taken as 0.
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9. A process according to any one of claims 6 to 8 which further comprises forming the polymer into a film.

10. A process according to any one of claims 6 to 8 which further comprises forming the polymer into a molded article,

5

Patentanepruche

1 . Olefinpolymerisatlonskatalysator. umfassend einen Trager und darauf

(a) eine Organoaluminiumoxyverbindung,

10

(b-l) mindestens eine Obergangsmetallverbindung der Formel [I]:

ML\ (II

15

wobei M ein Ubergangsmetallatom der Gruppe IVB des Periodensystems ist. die Gruppen V Liganden sind.

die das Ubergangsmetallatom M koordinieren. wobei mindestens zwei der Liganden U ausgewahlt sind aus

einer Cyclopentadienylgruppe, einer Methylcyclopentadienylgruppe, einer Ethylcyclopentadienylgruppe und

einer substituierten Cyclopentadienylgruppe mit mindestens einer Substituentengruppe, ausgewahlt aus einer

20 Kohlenwasserstoffgruppe mit 3 bis 10 Kohlenstoffatomen und jeder der anderen Liganden L^ eine Kohlen-

wasserstoffgruppe mit 1 bis 12 Kohlenstoffatomen. eine Alkoxygruppe. eine Aryloxygruppe. eine Trialkylsilyl-

gruppe, ein Halogenatom Oder ein Wasserstoffatom ist und x die Wertigkeit des Ubergangsmetallatoms M ist,

und

2S (b-ll) mindestens eine Obergangsmetallverbindung der Formel [II):

ML% ["1

30 vvobei M ein Ubergangsmetallatom der Gruppe IVB des Periodensystems ist, die Gruppen L^ Liganden sind.

die das Ubergangsmetallatom koordinieren, wobei mindestens zwei der Liganden L^ substituierte Cyclopen-

tadienylgruppen mit 2 bis 5 Substituenten, ausgewahlt aus einer Methylgruppe und einer Ethylgruppe, sind

und jeder der anderen Liganden L^ eine Kohlenwasserstoffgruppe mit 1 bis 12 Kohlenstoffatomen. eine Alk-

oxygruppe, eine Aryloxygruppe, eine Trialkylsilylgruppe, ein Halogenatom Oder ein Wasserstoffatom ist und

35 X die Wertigkeit des Ubergangsmetallatoms M ist.

2. Katalysator nach Anspruch 1 . umlassend ferner:

(c) eine Organoaluminiumverbindung aut dem Trager.

40 3. Katalysator nach Anspruch 1 oder 2, umfassend ferner (d) eine Organoaluminiumverbindung ohne Trager.

4. Prepolymerisierter Olefinpolymerisationskatalysator, erhaltlich durch Prepolymerisieren eines Olefins auf dem Ka-

talysator nach Anspruch 1 oder 2.

45 5. Katalysator nach Anspruch 4. umfassend ferner (d) eine Organoaluminiumverbindung ohne Trager.

6. Verfahren zur Olefinpolymerisation. umfassend das Polymerlsieren eines Olefins in Gegenwart eines Olefinpoly-

merisatk)nskatalysators nach einem der Anspruche 1 bis 5.

so 7, Verfahren nach Anspruch 6, wobei das Olefin Ethylen oder Ethylen und ein a-Olefin mit 3 bis 20 Kohlenstoffatomen

ist, das erzeugte Polymer die folgendne Eigenschaften besitzt:

(i) eine Dichte von 0.850 bis 0.980 g/cm^.

(ii) eine FlleOfahigkeit (MFR) bei 190'C unler einer Last von 2,16 kg von 0.01 bis 200 g/10 min.,

ss (iii) die Schmelzspannung (MT (g)), gemessen bei einer Harztemperatur von ^9(fC, einer Extrusionsge-

schwindigkeit von 15 mm/min. und einer Aufnahmegeschwindigkeit von 10 bis 20 m/min. unter Anwendung

einer MT-MeUvorrichtung mit einem Dusendurchmesser von 2,09 mm und einer Dusenlange von 8 mm und
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die FlieBfahigkeit (MFR) der (olgenden Beziehung entsprechen

MT>2.2xMFR*

10

IS

20

und

(tv) der FlieOindex (Fl (1/sek.)), gemessen bei einer Harztemperatur von IQCC und einer Scherspannung von

5 X 10* bis 3 X 10^ Dyn/cm^ unter Anwendung eines Testers vom Kapillartyp unter Anwendung von DOsen-

durchmessern (Kapillar), abhangig von dem MFR (g/10 min.) des Harzes:

MFR > 20 0,5 mm
20 > MFR > 3 1,0 mm
3 2 MFR > 0.8 2,0 mm
0,8 > MFR 3,0 mm

definiert durch eine Schergeschwindlgkeit, die gegeben ist. wenn die Scherspannung des geschmolzenen

Copolymers bel ISO'C 2,4 x 10^ Oyn/cm2 errelcht und die FlieBfahlgkeit (MFR) der folgenden Beziehung

entspricht

FUlSOxMFR.

25

8. Verfahren nach Anspruch 7. wobei das Polymer die folgenden weiteren Eigenschaften aufweist:

(v) eine Molekulargewichtsverteilung (Mw/Mn), gemessen durch GPC von l ,5 bis 4 und

(vi) MT/(Mw/Mn) und FI/MFR der folgenden Beziehung entsprechen

30

9.

10.

MT/(Mw/Mn) > 0,03 x FI/MFR - 3.0

mit der MaBgabe, daB. wenn der Wert 0,03 x FI/MFR - 3.0 Kleiner als 0 ist, er als 0 angenommen wird.

Verfahren nach einem der AnsprOche 6 bis 8. umfassend ferner das Formen des Polymers zu einer Folie.

Verfahren nach einem der AnsprOche 6 bis 8, umfassend femer das Formen des Polymers zu einem Formkorper.

40

4S

Revendlcatlons

1. Catalyseur de polymerisation d'ol6fine, qui comprend un support sur lequel sont flx6s

:

(a) un compose organoaluminium oxyg6n6,

(b-l) au moins un ddrivd de mdtai de transition de formule [I]

:

ML [I]

SO

55

dans laqueile M ddsigne un atome de mdtal de transition du Groupe IVB du tableau pdriodique, les groupes

ddsignent des ligands lids par coordination k I'atome de mStal de transition M. au moins deux des ligands

sont choisis parml le groupe cyclopentadi6nyle. le groupe m6thylcyclopentadi6nyle. le groupe 6thylcyclo-

pentadienyle et les groupes cyclopentadienyles substitues ayant au moins un substituant choisi parmi tes

groupes hydrocarbon6s ayant 3 & 10 atomes de carbone, et chacun des autres ligands V est un groupe

hydrocarbon^ ayant 1^12 atomes de carbone, un groupe alcoxy. un groupe aryloxy un groupe trialkylsilyle,

un atome d'halog^ne ou un atome d'hydrogdne, et x ddsigne une valence du m6tal de transition M. et

(b-ll) au moins un ddrivd de mdtal de transition de formule (II]
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(II]

dans laquelle M d^signe un atome de m6tal de transition du Groupe IVB du tableau p6riodlque. les groupes

ddsignent des iigands Ii6s par coordination d i'atome de m^tal de transition, au moins deux des iigands

sent des groupes cyclopentadidnyles substitu^s ayant 2 d 5 substituants choisis parmi le groupe methyle et

te groupe 6thyle, etchacun des autres Iigands est un groupe hydrocarbone ayant 1 d 1 2 atomes de carbone,

un groupe alcoxy. un groupe aryloxy. un groupe trialkytsilyle. un atome d'halog^ne ou un atome d'hydrog6ne.

et X ddsigne une valence du mdtal de transition M.

Catalyseur selon ta revendication 1. qui contient en outre

:

(c) un compose organoaluminium fixe sur le support.

Catalyseur selon la revendication 1 ou 2, qui contient en outre (d) un composd organoaluminium non fix6.

Catalyseur de poiymdrisation d'oldfine pr6polym6ris6. que Ton peut obtenir en prdpolymdrisant une ol6fine sur un

catalyseur tel que ddfini dans la revendication 1 ou 2.

Catalyseur selon la revendication 4, qui contient en outre (d) un compost organoaluminium non fix6.

Procddd de polymerisation d'ol^fine, qui comprend la polymerisation d'une oldflne en presence d'un catalyseur

de polymerisation d'oldfine, tel que ddfini dans Tune queiconque des revendlcations 1 k 5.

Proc6d6 selon la revendication 6, dans lequel I'oiefine est r6thyl6ne ou un melange d'ethylfene et d'une dioiefine

ayant 3 & 20 atomes de carbone, le polymdre produit ayant les propri6t6s suivantes

:

(i) une densite de 0.650 d 0,980 g/cm^.

(ii) un indice de fluidite d retat fondu (MFR), ^ igO'C. sous une charge de 2.16 kg. de 0,01 ^ 200 g/10 min,

(iii) la tension d retat fondu {MJ (g)), mesuree d une temperature de resine de IQO^'C. une vitesse d'extrusion

de 15 mm/min et une vitesse de reprise de 10 ^ 20 nn/mrn, k I'aide d'un appareil de mesure de MX ayant un

diametre d'ajutage de 2,09 mm et une longueur d'ajutage de B mm, et I'indice de fluidite d retat fondu (MFR)

satisfont d la relation

:

et

(Iv) I'indice d*6coulement (Fl (1/sec)). mesur6 k une temperature de r6sine de 190°C et une contrainte de

cisaillement de 5 x 1 0* & 3 x 10^ dyne/cm^, d {'aide d'un appareil de mesure d'ecou lament de type d capillaire.

utilisant les diametres d'ajutage (capillaire) suivants selon le MFR (g/10 min) de la resine .

et deiini par une vitesse de cisaillement qui est obtenue lorsque la contrainte de cisaillement du copolymere

fondu d ^90''C attaint 2,4 x 10^ dyne/cm^, et I'indice de fluidite k retat fondu (MFR) satisfont d la relation:

Precede selon ta revendication 7, dans lequel le polymdre produit possede les proprietes suppiementaires

suivantes

:

(V) une distribution de masses moieculaires (Mp/Mn), mesuree par CPG, de 1.5 d 4, et

(vi) MT/(Mp/Mn) et FI/MFR satisfont d ia relation

:

MT>2.2xMFR"
.•0.84

MFR > 20

20 > MFR > 3

3 > MFR > 0,8

0.8 > MFR

0,5 mm
1,0 mm
2,0 mm
3,0 mm,

FI<150xMFR.
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MT/(Mp/Mn) > 0,03 x FI/MFR - 3,0.

dtant entendu que. lorsque la vaieur de 0.03 x FI/MFR * 3.0 est infdrieure k 0. elle est prise dgale k 0.

5

9. ProcddS salon Tune quelconque des revendlcations 6 d 6, qui comprend en outre la mise du polymdre sous la

forme d'un film.

10. Proc6d6 selon Tune quelconque des revendications 6 S 8, qui comprend en outre ta mise du potymfere sous la

10 forme d'un article mould.

IS

25
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1
-

M F R (g/lOmln.)

O : Copolymer prepared according to the present invention (Ex.4~Ex. 7)

: Conventional copolymer (Conp. Ex. 1)

A : Conventional copolymer (Conp. Ex. 2~Cofflp. Ex. 4)
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